developed countries, males, but not females, redistribute body fat from the extremities to the trunk during adolescence. [15] [16] [17] This centralization has been documented in white, black and Mexican American adolescents, although the degree of centralization differs between ethnic groups.
There is limited information regarding fatness and fat patterning in rural South African children. Cameron et al. 18 highlighted fat patterning in rural children aged 6-19 years. For South African children, formal schooling starts at the age of 6 years. From this time onwards children receive food at schools. Information on younger children is currently absent.
In order to examine the growth patterns and nutritional status of rural South African children during the preschool years and first years of formal schooling, a longitudinal study was initiated in November/December 1996 in the Ellisras rural community. The purpose of this publication is to present the initial crosssectional data on the prevalence of obesity in the children, aged 3-10 years, and to provide information on their body fat patterning.
Materials and Methods

Study population
The study participants comprised 1336 children (684 boys, 652 girls), aged 3-10 years, from the rural areas of Ellisras. These villages are situated in the north-western area of the Northern Province (South Africa) approximately 70 km from Ellisras Town, next to the Botswana boarder. The Iscor coal mine and Matimba electricity power station provide job opportunities for many Ellisras residents. Further, a large population of the adults are subsistence farmers and cattle rearers, while a few are civil servants and teachers.
The study was undertaken at 22 schools (10 preschool and 12 primary schools) which were randomly selected from 68 schools in the region. All children within the selected age group were measured at these schools.
Obesity
A Martin anthropometer was used to measure height to the nearest 0.1 cm and an electronic scale was used to measure weight to the nearest 0.1 kg. From these measurements the body mass index (BMI) was calculated as the ratio of (weight[kg]/ height 2 [m]) and used as an indicator of overweight. Skinfolds were measured at the supraspinale (SPIL), subscapular (SSCP), triceps (TRCP) and biceps (BCP) sites, using a John Bull skinfold caliper with an inter-jaw pressure of 10 g/mm 2 over a full range opening. The sum of TRCP and SSCP skinfolds was used as an indicator of overfatness. Obesity, both in terms of overweight and overfatness, was defined as values greater than the 85th centiles of the National Health and Nutrition Examination Survey (NHANES III). 19 A centripetal fat patterning was measured by the sum of the trunk skinfolds relative to the limb skinfolds (SSTB = [SSCP + SPIL]/[TRCP + BCP]) and the ratio of the subscapular to triceps skinfold (ST = SSCP/TRCP). As an indicator of lower body fat patterning the ratio of the subscapular to supraspinale skinfold was used (TRUNK = SSCP/SPIL). 12 Anthropometrists were required to undertake reliability testing as part of their training and to achieve technical errors of measurements within internationally accepted limits. 20, 21 
Statistical analysis
In order to derive a normal distribution, the skinfold measurements and ratios were log transformed. Descriptive statistics were used to examine the mean values (SD) of the age-and gender-specific anthropometric indicators and independent t-tests were applied to test the differences between the sexes. A significance level of P Ͻ 0.05 was considered to be statistically significant. Based on the NHANES 85th centiles cutoff points, the prevalence of obesity was calculated. In addition, the association between the indicators of obesity and fat patterning were investigated by age and gender, using Pearson's product moment correlations.
Results
Tables 1, 2 and 3 contain the mean (SD) values for height, weight, BMI, the log transformed skinfolds and skinfold ratios by age and gender. Between 4 and 7 years old, males are significantly taller than girls ( Table 1 ). Only at ages 7 and 8 years are males statistically significantly heavier with a significantly higher mean BMI compared to the females.
Throughout the age groups, little difference was found in the log transformed trunk skinfolds. Females had only significantly thicker triceps skinfolds at 6 and 9 years and biceps skinfolds at 6 and 7 years than males. Females had significantly thicker subscapular skinfolds between 7 and 10 years of age and higher supraspinale skinfolds from 4 to 7 years ( Table 2) .
No clear differences in fat patterning could be detected between males and females. The SSTB ratio was significantly higher in females aged 4 years, and significantly higher in males aged 8 years. There were no significant differences in the ST ratio throughout the age groups. The trunk ratio was significantly greater in males aged 4 years, yet significantly lower at 6 years. Tables 4 and 5 present the age-and sex-specific prevalence of overweight and overfatness. In males, overweight appeared to be less prevalent, except for a low prevalence at ages 3 and 4 years. However, at these ages the prevalence of overfatness is 13.6% and 17.9%, respectively. In females, the prevalence of overweight varies from 1.2% to 4.3% between ages 4 and 6 years, while the prevalence of overfatness at age 3 years is 8%. Table 6 shows the correlation coefficients between BMI and the sum of the skinfolds by age and sex. In males, the correlation coefficients gradually increase from 0.2 to 0.8 and are statistically significant at every age, except at 3 years. In females, correlation coefficients are relatively constant across the ages (about 0.4) until age 7 years, after which they decrease. Between 3 and 6 years old correlation coefficients are higher for females as compared with males, while the reverse holds true between the ages 8 and 10 years.
Discussion
In this study, cross-sectional results of anthropometrical measurements carried out in rural Ellisras children in South Africa, with particular emphasis on the prevalence of obesity, are presented. The study shows that obesity, either in terms of overweight or overfatness, seems to be prevalent in these children, predominantly in their preschool years.
In the interpretation of the results, methodological constraints need to be taken into account. Although anthropometric measurements are widely used in epidemiological studies of obesity in adults, they remain a topic of concern in children. Garn et al. 22 has described the problems of BMI in young subjects. In addition, it remains unclear which anthropometric indicators describe the amount of intra-abdominal fat the best.
Goran et al. 23 recently validated anthropometric measurements against the amount of intra-abdominal fat and found that trunk extremity skinfold ratio appears to be a stronger predictor of the amount of intra-abdominal fat in children and young adults compared to ratios of body circumferences. Very few children (0-2.5% in males and 0-4.3% in females) had BMI values above the NHANES III 85th percentiles, indicating a very low prevalence of overweight children in the area. About 15% of the males showed overfatness at ages 3 and 4 years, while low prevalence was found at older ages. This is supported by earlier reports which exhibit that high prevalence of stunting (10.73% boys and 18.91% girls) and wasting (37.13% boys and 29.8% for girls) was observed among the Ellisras sample. 24 A striking finding of this study is that obesity in terms of overfatness exists in males, while in females obesity exists in terms of overweight. Both in males and females this only seems to be the case during the preschool years. Dietz 2 suggests that these observations support the likelihood that development of obesity occurs in the infant stage. If that were the case why only a small percentage at ages 3 and 4 years, and why do these samples exhibit it only at the infancy stage and not during the period of adipose rebound? It is perhaps not significant that the ages of adipose rebound of obesity correspond to the midgrowth spurt and the later half of the growth spurt. This period is associated with hormonal changes that may be significant in increasing the susceptibility of the child to fat deposition. This may not be particularly true in this sample since this sample confirms the delay in growth spurt of African children as reported earlier in other analyses. 3, 6, 11, 18, [25] [26] [27] An explanation for the growth delay in this sample might be the fact that Ellisras children have a good supply of food while under the care of parents (from birth to 5 years). However, as they start to attend formal school, they start to live a semi-independent life. For the children in this study, school feeding schemes were non-existent. Their food supply depended mostly on food they received at home after school and at sporadic occasions like marriages, funerals, and ancestor worships. The Northern Province Government implemented the feeding schemes for all the primary schools towards the end of 1996. School meals were reported to have no significant impact on the growth pattern and obesity of children in Johannesburg and Kenya. 6, 28 Will the statement hold even for Ellisras rural children? A continuous survey on these children will successfully answer this question.
In summary, we have a situation in which a small percentage of Ellisras rural females demonstrated a low prevalence of overweight while males exhibited a higher prevalence of overfatness during the preschool years. * P Ͻ 0.05, ** P Ͻ 0.01, *** P Ͻ 0.001.
